Penicillin-binding protein 5 in Pseudomonas aeruginosa had moderately penicillin-sensitive D-alanine carboxypeptidase activity. As in Escherichia coli, a defect in this enzyme activity was not lethal.
relation between the high sensitivity to P-lactam antibiotics and the defect of PBP-5 has not been clearly proved.
The mutant strain hs-257 had thermosensitive PBP-5 ( Fig.  1) , its activity to bind benzylpenicillin at 30°C being markedly less (lane b) than that of the parent (lane a). On preincubation of the membrane fraction at 40°C for 10 min, the PBP-5 of the mutant strain lost significant activity (lane c), whereas PBP-5 of the parent strain was stable (data not shown). No remarkable abnormalities in the electrophoretical mobilities or thermosensitivities of other PBPs of the mutant were detected. To confirm that the plexes formed at 30°C after a 10-min preincubation of the protein at 30°C (A) or 40°C (B) are shown. Cells were cultured at 30°C in nutrient broth (Difco), and membranes were prepared by alumina grinding of the cells with alumina, fractional centrifugation (between 5,000 and 100,000 x g) of the homogenate, and washing of the precipitate with 50 mM Tris-hydrochloride buffer, (pH 7.6) containing 0.1 mM MgCI and 1 mM 2-mercaptoethanol (5). Proteins were eluted from the membranes by treatment with 2% Triton X-100 in the same buffer at 25°C for 30 min. Samples of 1 ml of eluate containing 3.5 mg of protein were subjected to chromatography on a column (8 by 27 mm) of DEAE-cellulose DE-52 (Whatman, Inc.) as described previously (5) . Proteins adsorbed on the column were eluted with the buffer described above containing 2% Triton X-100, 1 mM 2-mercaptoethanol, and 0.2 M NaCI. Fractions 1 to 5 are flow-through fractions.
solubilized from the membrane with 2% Triton X-100 at 0°C and separated from other PBPs on a column of DEAE-cellulose in the presence of 2% Triton X-100. Both proteins appeared in the flow-through fraction, whereas other PBPs were adsorbed to the column and eluted with buffer containing 0.2 M NaCl and 2% Triton X-100. Figure 2 shows the separation of the mutant PBPs (A) and their sensitivities to heat (B). The mutant PBP-5 in the flow-through fraction (no. 3 and 4) on the DEAE-cellulose column chromatography again showed thermosensitive penicillin-binding activity, whereas the PBP-5 in a similar fraction from the parent strain was thermostable (data not shown).
The membrane fraction of P. aeruginosa possessed strong activity of D-alanine carboxypeptidase, which was supposed to be due mainly to the activities of PBP-4 and PBP-5, by analogy to E. coli PBP. On DEAE-cellulose chromatography of a Triton X-100 extract of membranes of the parent cells, D-alanine carboxypeptidase activity was eluted in two peaks (Fig. 3) , one in the flow-through fraction and the other in the 0.2 M NaCI eluate (A), but a similar extract from the mutant gave only one peak in the 0.2 M NaCl eluate (B). The D-alanine carboxypeptidase activity in the flow-through fraction from the parent membrane was moderately sensitive to benzylpenicillin, its 50% inhibitory dose being 5 ng/ml, whereas that in the 0.2 M NaCl eluate from both the parent and mutant membranes was very sensitive to benzylpenicillin, the 50% inhibitory dose being less than 1 ng/ml. As PBP-5 was found solely in the flow-through fraction, whereas other PBPs (PBP-1A, 1B, 2, 3, and 4) were mainly found in the NaCl eluate (Fig. 2) , the moderately penicillin-sensitive D-alanine carboxypeptidase activity in the flow-through fraction was concluded to be due to PBP-5. The very penicillinsensitive activities in the NaCI eluate seemed to be due to PBP-4 by analogy to E. coli PBP, but this possibility needs further study.
The present results indicated that PBP-5 in P. aeruginosa is responsible for the moderately penicillin-sensitive D-alanine carboxypeptidase activity, and that the weak ,B-lactamase-like activity of PBP-5 is due to the D-alanine carboxypeptidase activity. This enzyme activity may correspond to the D-alanine carboxypeptidase Ta activity in E. coli, which has been proved to be a property of E. coli PBP-5 (5, 6). In our mutant, this enzyme activity in vitro was lost at either 30 or 40°C (data not shown). At 30°C, only the activity binding substrate (penicillin) was active, but the activity transferring the substrate seemed to be defective. The mutant therefore appeared to be analogous to the dacA11191 (PBP-5-) mutation of E. coli isolated and described by Matsuhashi et 6 ). This E. coli mutant has subsequently been studied in detail in Strominger's laboratory (1; personal communication) and sequenced by Broome-Smith et al. (2) .
In E. coli, three genetically independent PBPs, 4, 5, and 6, have D-alanine carboxypeptidase activities. Double mutants lacking the D-alanine carboxypeptidase activities of both PBP-4 (dacB mutation) and 5 (dacA mutation) have been obtained (5) , but no triple mutant lacking all three D-alanine carboxypeptidase activities has yet been constructed. As the P. aeruginosa strains investigated have no PBP corresponding to E. coli (8) , the mutant obtained may correspond to a double mutant of E. coli with defective PBP-5 and 6.
For this reason it is very interesting that at 44°C, the nonpermissive temperature, the mutant of P. aeruginosa with thermosensitive PBP-5 produced an excessive amount of PBP-4, whereas the parent formed a large amount of PBP-5 but little (Fig. 1, lanes d and f) . There was no increased level of in the mutant cells grown at 30°C. It is unknown whether PBP-4 in the mutant cells grown at 44°C was identical to that at 30°C. Isolation of a mutant of P. aeruginosa with defective PBP-4 and preparation of a double mutant defective in PBP-4 and 5 may be necessary to establish the functions of these proteins.
